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25X1
Semi-Annual Status Report
Investigation of Perceptron Applicability to
Photo Interpretation
Semi-Annual Report for
period ending 1 June 1964

-
1.0 INTRODUCTION

- Project PICS is an investigation of the applicability of perceptrons
to the automation of certain portions of the photo interpretation task. The
objectives of the project were changed during the last semi-annual period
in the direction of developing equipment closer to the stage of practical
implementation as an aid to photo interpreters. The Mark III Spatial Filter-
ing device was designed, built, and tested during this period to satisfy the
"practical implementation' goal. The main areas of effort during the period
covered by this report have been the following.

-t 1} Development and implementation of technigues for whole-

p'hotc': classification applicable to the rejection of sterile
. hotographs.
- P grap
2) Development and implementation of techniques for the

detaction and isolation of objects contained in photographs.

3) Theoretical and experimental evaluation of the properties

which can be derived by optical spatial filtering.

4) Design and implementation of a recognition system based on

property generation using optical spatial filtering.
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Z.C TECHNICAL ACCOMPLISHMENTS TO .JUNE 1964

4.1 Recognition Studies

The ordinary viewpoint of the weight derivation (training)
process of a perceptron is that of moving a plane in the binary n-space
defined by the A-unit activities, such that the members of two classes are
separated. Several new insights intov the problem are available if one considers
the dual problem. That is, we define the space of interest by the A -unit
weights. In this space, each stimulus is a hyperplane and a set of weights
is a point. A solution is represented by any point within a convex region

determined by the stimulus planes and their required classification.

Because of the convexity of the solution region (if it exists)
many properties of the set of solution are immediately apparent. For example,

given W1 a.nd-W2 any two weight vectors which are solutions; then an + (ha)W2
is also a solution for all 1> a »O0.

Using these new (to perceptron theory) concepts a new method
of training was postulated. It depended upon successive relaxation of the
boundaries of the solution region, followed by a step toward the interior of
the region. Several trial examples showed that no simple method known to
the experimenters will yield a step toward the interior of the region when the
current trial point is at a vertex of order higher than two. Since this is an
extremely likely event at an early stage in the solution, work.on this particular

training method has been suspended.

It is expected that the really very fruitful dual viewpoint may
vield additional new techniques for trial. A particular problem that may well
be attacked from this outlock is that of effective discovery of training problems
which have no perfect solution. We also hope to shed some light on the multip’e

solution problem.

Synthetically generated patterns which have been previously used
for recognition studies were used in a new set of experiments to obtain the
effects of the additional distortions produced by the isolation and standardization
processes. These additional distortions are produced because the figures

are often torn into several pieces by the noise generation process.
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A 500 A-unit perceptron was trained to recognize all aircraft
in a large sample of these patterns. A different set of 866 patterns was used
to test its performance. There were 42 classification errors (4.8%) in this
experiment. This is to be compared with no errors in a set of 720 patterns

in previous experiments which did not use isolation and standardization.

Upon examination of the types of errors which were made, it
seemed possible that inclusion of a scale-factor objective property would
lower the error rate. An experiment showed that this was a false hope.
Hindsight indicates that the patterns which were not aircraft were both smaller
and larger than the aircraft, and thus a scale factor property could not aid

linear separability.

2.2 Implementation (Mark 111

‘The first design approach was an electronic system for a spatial
spectrum analyzer generating video signals with adjustable boundary conditions.
The amplitude of the video signal would be controlled as a function of the
position of the scanning beam on the raster. The video signals are then
integrated to produce a control signal corresponding to the average brightness,
modified by the position control function, of the picture within the specified

boundary. This design was not implemented.

The first design and first equipment set-up consisted of a .
mercury light source, pinhole, collimator and object lenses, test transparencies,
and a Kintel closed-loop television system. The original experiments determined
the need of a low frequency circular occluding filter to improve high spatial
frequency sensitivity. The inefficient pinhole collimator light system did not
provide detectable light levels in the high spatial frequency region. This
type of collimated light was replaced by'a CW-laser (6328 A) source in the

final version of the Mark III. See Fig. 1 for experimental set-up.

A desire to further explore the possibilities of picture content-
detection by spatial spectrum analysis led to a decision to construct an
experimental apparatus of somewhat different form than that described

above. The first design was aimed at extraction of many spatial properties
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Figure | SPATIAL FILTER EXPERIMENTAL SETUP "A"
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essentially simultaneously for a single area in a photo, by use of electronic
gating of the signal produced by the vidicon. This is still the preferred
technique for both research studies and application, but has the drawback
of requiring considerable electronic design and construction before any

results can be obtained.

The final experimental apparatus extracted one property ata
time from many areas of the photo, the areas being selected by a simple
mechanical scanning mechanism. {See Fig. 2). The property to be measured
is generated by a slide used as a spatial filter, followed by a conventional
photomultiplier sensor. The output display consists of a laboratory oscilloscope,
synchronized to the scanning mechanism. An automatic slide changer,which
is in line with the optical path,allows selection of various filter properties.
The typical application of the Mark III is for the detection of areas of a photo-
graph which contain the works of man (as revealed by strong line structures
in the power spectrum)s In Fig. 3 the block diagram of electronic control
for the Mark III is presented, and a photograph of the Mark IIl apparatus

is presented in Fig. 4.

2.1.1 Experimental Results

The experimental results were completed over this report

period with three versions of the Mark III apparatus.

Data Groupings

(A} Taken With apparatus shown in Fig. 1
(B) Taken with apparatus shown in Fig., 2
{C) Taken with apparatus shown in Fig. 5

Results of Data Group (A)

This experimental program was aimed at obtaining
quantitative measurement of performance, especially dynamic range and sensi-
tivity required. The photographs shown in Fig. 6 were taken of {1) the spatial
frequency focal plane, (2) the closed circuit TV monitor, and {(3) the video
signal for specific horizontal scan lines in the monitor raster. The objective

film in this case was a railroad yard.
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Figure 2 MARK Il SPATIAL FILTER RECOGNITION APPARATUS EXPERIMENTAL MODEL
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Figure 4 ELECTRO-OPTICAL EXPERIMENTAL SET-UP "B"
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Figure 5 OPTICAL CONFIGURATION FOR MODIFIED SET-UP
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TELEVISION MONI OR

SPATIAL FREQUENCY FOCAL PLANE

Figure 6

BANDPASS OCCLUDING FILTER USED HERE HAS A CENTRAL STOP
DISC OF 5.8 MM DIAMETER AND A SURROUNDING STOP INSIDE
DIAMETER OF 37 MM; THE PASSBAND IS 7.3 CYCLES/MM TO 47
CYCLES/MM.

THE VIDEO SIGNALS CORRESPOND TO THE RASTER CENTER LINE.

VIDEO SIGNALS OF HORIZONTAL SCAN LINES
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Results of Data Group (B)

 The over-all system displays an intensity modulated
raster traced out in synchronism with the collimated beam which scang over
an entire object transparency. Intensity modulation occurs for superthreshold
diffracted light energy; that is, for each portion of the object transparency
that contains spatial frequencies within a wide band AND over threshold, the
display raster is intensified. The test results appear in Fig.. 7. Using specific
35 mm object slides as standard signal inputs, several ph‘ofgvographs of photo-
multiplier output voltage and display rasters were recorded. Three sets
of photographs present the video signals (top to bottom) and the intensified

rasters (left to right) correspond to the object transparencies as follows:

1) Nothing

2) Object transparency {reproduced to the right of the
CRO photographs)

3) A standard 100 line/inch Ronchi ruling

There were no adjustments of amplifier gains, threshold,

etc. within a set of photographs.

Results of Data Grbup {C)

The equipment set-up was identical to the (B) tests
except for the addition of a beam intensity reference level and difference of
log functions of the signal and reference outputs. Low pass filtering (0 - 500
c.p.s.) was added to each of the two signal outputs prior to the resistive
mixing circuit.

The scope photographs of Fig. 8 show the results of
Experimenté #1 and #4 of this experimental arrangement. The most successful
result is that of experiment number 4 which shows good correlation between

the optical image and the scope display.

3.0 FUTURE PLANS

The principal activity will be to prepare a final report covering the

research program of the past year.
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4.0 REPORTS AND PROJECT PERSONNEL

25X1

Reports include the regular monthly letter reports for this period.
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Investigation of Perceptron Applicability to

Photo Interpretation

Monthly Letter Report
for the month of May 1964

1.0 INTRODUCTION

Project PICS is an investigation of the applicability of perceptrons
to automation of certain parts of the photo interpretation task. Particular
emphasis is placed on area and object recognition based upon properties
derived from two-dimensional power spectra. Accordingly, effort is centered

in the following major areas:

1) Theoretical and experimental evaluation of the properties

which can be derived by optical spatial filtering.

2) Design and implementation of a recognition system based

upon such properties.
3) Design of optical-electronic spatial filtering equipment.

4) Research based upon ideas whose immediate applicability

cannot be stated, but of long-term benefit.

2,0 ACTIVITY AND ACCOMPLISHMENTS DURING MAY 1964

2.1 Property Evaluation

This work was terminated at the end of April.

2.2 Design of Optical Electronic Spatial Filtering Apparatus

The addition of light level correction circuitry to the Mark III
optical electronic spatial filter improved the dynamic range when the system
was used for spatial line detection. The experiments established feasibility

of line segment detection; however, a contrast limit was not determined.

The design modifications and tests were terminated during the first two weeks

N Approved For Release 2005/05/02 : CIA-RDP78B04770A002300030013-1
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2.3 Recognition Studies_

No work was performed in this area during May.

2.4 Finel Report

A survey and compilation of the Mark III implementation work

was completed and will be included in the final report.

3.0 PLANS FOR JUNE 1964

The principal aciivity will be to continue the preparation of the semi-

annual status report and the final report,

4,0 REPORTS

No reports other than the regular monthly letter report were due or

issued during May.
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